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as that provided in the previous actions. In addition, in response to Applicants' clarification 
submitted in the previous response, the Examiner states that the various functions or biological 
activities disclosed in the specification (e.g., binding to hyaluronate) are not specific to the 
sequences recited in the claims. Labeling the disclosed biological activities as "prophetic," the 
Examiner further states that such disclosure does not arise to patentable utility because there is 
no available evidence which indicates that the disclosed interactions/functions occurred 
amongst the claimed sequences or IPM molecules in general. These rejections are respectfully 
traversed for the following reasons. 

I. The present disclosure and specific utilities of the claimed sequences 
1. All evidence indicate practical utilities of the IPM sequences 



that the IPM sequences are involved in retinal adhesion and ocular disorders. It is known that 
the IPM sequences (e.g., IPM 150) is selectively expressed in the retinal tissue (see, e.g., 
Felbor et al., Cytogene. Cell Genet. 81:12-17, 1998, at page 16, left column; copy attached). 
The subject specification disclosed that IPMC proteins (e.g., IPM150) contain hyaluronan- 
binding motifs and that IPM150 could interact with hyaluronan, a component of the 
interphotoreceptor matrix, to effect retinal adhesion (see, e.g., page 20, line 28-30; and page 
21, lines 3-9). It was also taught in the subject specification that the IPM proteins also contain 
EGF-like domains. Although EGF-like domains may be present in proteins with diverse 
function, as noted by the Examiner, it does not negate the fact that they are present in many 



extracellular matrix proteins and are known to promote the survival of neighboring cells. 

The IPM sequences are also genetically linked to a number of macular 
dystrophies. For example, Felbor et al. indicated that IMPG1 (i.e., IPM150) is a candidate for 
retiniopathies (see, e.g., the title and the abstract). The authors specifically noted that "the 
selective expression in retinal tissue and the chromosomal mapping of IMPG1 to 6q 1 3-q 1 5 
have identified this gene as an attractive candidate for several human macular dystrophies . . ." 
(see, page 16, left column). Similarly, the subject specification disclosed (see, e.g., page 8, 



The prior art knowledge and the disclosure of the subject application all suggest 
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lines 16-21) that the IPM 150 sequence is mapped to the 6ql4.2-ql5 region which also 
contains loci for progressive bifocal chorioretinal atrophy, autosomal dominant Stargardt's-like 
macular dystrophy, North Carolina macular dystrophy and Salla disease. 

Based on the present disclosure and the prior art knowledge, there is no doubt 
that the present invention can have practical and useful applications. For example, as disclosed 
in the specification, they could find applications in diagnosing (e.g., by detecting a mutation in 
the IPM molecules or an abnormal expression of the IPM molecules) and treating (e.g., in gene 
therapy) ocular disorders that are associated with abnormal retinal adhesion, such as retinal 
detachment and macular degeneration. 

2. The disclosed utilities are specific, not general 

According to the MPEP, a "specific" utility is specific to the subject matter 
claimed. It is in contrast to a general utility which would be applicable to the broad class of 
invention (MPEP § 2107.01-1, at page 2100-32). The MPEP also sets forth exemplified 
circumstances under which a specific utility is not present. These examples include (i) 
disclosing a compound which may be useful in treating unspecified disorders; (ii) claiming a 
polynucleotide whose use is disclosed simply as a "gene probe" or "chromosome marker"; and 
(iii) a general statement of diagnostic utility, such as diagnosing an unspecified disease 
(MPEP, § 2107.01 at page 2100-32). 

Clearly, the present invention does not fall into any of the above categories 
which only disclose general utilities. As discussed above, the specific utilities of the presently 
claimed IPM sequences are substantiated by, e.g., their selective expression in retinal tissue 
and their genetic linkage to certain specific ocular diseases. The fact that IPM 150 is believed 
by the skilled artisans (see, e.g., Felbor et al., supra) to be the candidate locus for retiniopathies 
also undoubtedly underscores the specificity of the practical utilities of the presently claimed 
sequences. Thus, rather than unspecified disorders or merely as gene probe (i.e., general 
utility), the practical utilities disclosed in the subject specification are specific to the IPM 
sequences. 
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3. Specific utility does not mean exact or unique biochemical/physiological 
function 

In maintaining the instant rejection, the Examiner apparently takes the position 
that only the exact and experimentally proven physiological functions of the IPM polypeptides 
would satisfy the utility requirement. However, such is not the legal test for a specific utility. 
To the contrary, as illustrated in the MPEP (e.g., § 2107.03-1, at page 2100-43), the utility 
requirement only mandates a reasonable correlation between a disclosed biological activity 
(e.g., selective expression in retinal tissue and hyaluronan-binding) and a disease state (e.g., 
retiniopathies). It does not require conclusive proof that the disclosed biological activity is 
causatively linked to the disease state. 

Applying the above standard to the instant case, it is clear that the subject 
specification has undoubtedly disclosed specific utilities that satisfy the requirement of the 
utility guidelines. The present disclosure in combination with the prior art taught that the IPM 
150 and IPM 200 proteoglycan sequences are important in maintaining retinal adhesion (e.g., 
through its hyaluronan-binding motifs) and can be involved in a number of ocular disorders. 
Their selective expression in retinal tissue and biochemical properties (e.g., hyaluronan- 
binding motifs), as well as their chromosomal mapping to a loci that is genetically linked to a 
number of macular diseases or disorders, have provided the reasonable correlation between the 
disclosed biological activity and the disease state. It is respectfully submitted that there is no 
requirement in the Utility Guidelines that only proven physiological roles of a protein encoded 
by a new gene would satisfy the specific utility test. 

II. Additional real-world utilities that would have been readily apparent 

Accordingly to the Utility Guidelines, the utility requirement can be satisfied if 
a patentable utility is readily apparent from the disclosure. See, Federal Register, Vol. 66, No. 
4, at page 1095, left column, Comment 1 1 (2001). Applicants note that, in addition to the 
above-discussed utilities specifically set forth in the specification, the skilled artisans would 
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also appreciate other utilities that would have been readily apparent from the present 
disclosure. For example, the novel polynucleotide sequences identified by the present 
inventors can be readily applied in polynucleotide array technology. Polynucleotide arrays are 
commercially available and have been widely used by the skilled persons in the art. Such 
arrays typically contain oligonucleotide or cDNA probes to allow detection of large numbers 
of mRNAs within a mixture. They are often used to study differential gene expression and to 
analyze candidate drugs for roles in modulation of a disease state. 

Thus, it would have been apparent that the IPM sequences are useful for 
inclusion on a polynucleotide array (e.g., an Affymetrix GeneChip array or the like) together 
with probes containing a variety of other genes. With increased diversity of probe sequences, 
the modified arrays provide improved tools for the various applications of polynucleotide 
arrays. Such improved arrays are particularly useful in analyzing ocular tissues or cells. The 
IPMC polynucleotide sequences can also be combined with nucleic acids from other genes 
having roles in ocular diseases or disorders (e.g., as described in the subject specification) in an 
array that are specifically designed for analyzing ocular disease related gene expression. Such 
arrays are useful for analyzing and diagnosing cells in ocular diseases such as retinal 
detachment. Such arrays are also useful for analyzing candidate drugs for roles in modulation 
of an ocular disease state. No one would doubt that such applications of the present invention 
constitute credible, substantial, and real-world utilities. 

For all the above reasons, Applicants submit that the presently claimed 
invention has a patentable utility that satisfies the requirement of 35 U.S.C. 101. Therefore, 
the rejections under 35 U.S.C. §§ 101 and 1 12 should be withdrawn. 



CONCLUSION 

In view of the foregoing, Applicants believe all claims now pending in this 
Application are in condition for allowance. The issuance of a formal Notice of Allowance at 
an early date is respectfully requested. 
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If the Examiner believes a telephone conference would expedite prosecution of 



this application, please telephone the undersigned at 650-326-2400 x 5209. 



Attachment: Felbor et al., Cytogene. Cell Genet. 81:12-17, 1998 
TOWNSEND and TOWNSEND and CREW LLP 

th 

Two Embarcadero Center, 8 Floor 
San Francisco, California 941 1 1-3834 
Tel: (650) 326-2400 
Fax: (650) 326-2422 



Respectfully submitted, 




Hugh Wang 
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cytogenctccu Genet 81:12-17(1998) Cytogenetics and 

Cell Genetics 

Genomic organization and chromosomal 
localization of the interphotoreceptor matrix 
proteoglycan-1 (IMPG1) gene: a candidate for 
6q-linked retinopathies 

U. Felbor, A. Gehrig, C.G. Sauer, A. Marquardt, M. Kohler, M. Schmid, and 
B.H.F. Weber 

lustitut fUr Humangenetik. Biozentrum. University Wurzburg. WUrzburg (Germany) 



Abstract. The interphotoreceptor matrix is a unique extra- 
cellular matrix occupying the space between the photoreceptors 
and the retinal pigment epithelium. Due to its putative func- 
tion in the maintenance and integrity of the photoreceptor cells, 
it is conceivable that it is involved in retinal degeneration pro- 
cesses. More recently, a novel gene encoding a 1 50-kDa inter- 
photoreceptor matrix proteoglycan, designated IMPG1, was 
cloned and shown to be expressed in both rod and cone photo- 
receptor cells. To assess this gene in human retinal dystrophies, 
wc have now determined the genomic organization and chro- 



mosome location of 1MPG I . It is composed of 1 7 exons ranging 
from 21 to 533 bp, including an alternatively spliced exon 2. 
Using somatic cell hybrid mapping and FISH analysis, we have 
assigned the IMPG1 locus to6ql3-»ql5. As this interval over- 
laps with the chromosomal loci of several human retinopathies, 
including autosomal dominant Stargardt-like macular dystro- 
phy (STGD3), progressive bifocal chorioretinal atrophy 
(PBCRA), and North Carolina macular dystrophy (MCDR1), ^ 
IMPG1 represents an attractive candidate for these 6q-linked 
disorders. 



The interphotoreceptor matrix (IPM) is a unique extracellu- 
lar matrix located in the sub retinal space between the neural 
retina and the retinal pigment epithelium (RPE). It has been 
implicated in photoreceptor cell-supportive functions by me- 
diating interactions between the photoreceptors, the RPE, and 
Miiller cells (Hewitt and Adler, 1989; Hageman and Johnson. 
1991). In addition, IPM proteoglycans are thought to partici- 
pate in the maintenance of normal retina-RPE adhesion and 
the integrity of cone photoreceptor cell outer segments (Yao et 
al., 1990; Lazarus and Hageman, 1992). . 

Several studies of retinal degeneration in animal models 
have addressed the possibility of disturbed cell-IPM interac- 



Supported by grants (Wcl259'2-3 and Wcl259/5-2) from ihe Deutsche Forscliungv- 
gemeinschaft (DFG). C.G.S. i» supported t» a PhD studentship from the 
Deutsche Retinitis Pigmentosa Vereinigung (DRPV). U.F. wis a DFG post- 
doctorul fellow (Fe432/I-1). 

GenBank Accession Nos. AF0I776O-AF01 7776. 

Received 9 January 1998: revision accepted 11 March 1998, 

Request reprints from Dr. Bern hard H.F. Weber. Inst it ut fUr Humangenetik, 
Biozentrum. Am Hubland. D-97074 WUrzburg (Germany): 
telephone: +49-931-888-4062 or +49-931-888-4065; 
fax: +49-93 1-888-4069: e-mail: bweb(a'bUuenirum.u ni-wuerzburg.de. 



tions in photoreceptor degeneration (La Vail et al M 1993; Laza- 
rus et al., 1993; Mieziewska et al., 1993a, b). In the progressive 
rod-cone degeneration miniature poodle (Mieziewska et al., 
1993b), the murine autosomal recessive nervous mutation 
(LaVail el al., 1993), and the rod-cone dysplasia 1 Irish setter 
(Mieziewska et al., 1993a), progressive photoreceptor degener- 
ation occurs slowly, with rods being affected earlier and more 
severely than cones. As compartmentalization of the IPM is 
most obvious in the so-called cone matrix sheaths (Johnson et 
al M 1986), a correlation between the degenerative processes in 
these animals and the integrity of specific IPM domains has 
been suggested, although the nature of this relationship remains 
unclear (Mieziewska et al., 1993a, b; LaVail et al., 1993). Fur- 
thermore, prior to photoreceptor loss in mice affected with 
mucopolysaccharidosis type VII, an altered distribution of IPM 
chondroitin 6-sulfate containing proteoglycan has been ob- 
served (Lazarus et al., 1993). It is noteworthy that retinal 
degeneration is also known to occur in humans affected with 
mucopolysaccharidoses, a heterogeneous group of lysosomal 
storage diseases caused by a deficiency of one of the key 
enzymes required for glycosaminoglycan degradation (Gills et 
al., 1965; Goldberg and Duke, 1967). 

Chondroitin 6-sulfate containing glycoconjugates constitute 
a major component of the cone matrix sheaths (Hageman and 
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Johnson, 1987). More recently, the full length cDNA of IMPG1 
encoding a 150-kDa chondroitin 6-sulfate proteoglycan was 
cloned (Kuehn and Hageman, 1 995) and shown to be expressed 
in rod and cone photoreceptor cells (Kuehn et al., 1997). As 
part of our search for genes involved in human retinal disor- 
ders, we have determined the expression profile, genomic orga- 
nization, and chromosomal localization of IMPGl as a prereq- 
uisite for its mutational analysis in human retinopathies. 

Materials and methods 

S'orthern blot analysis 

Total RNA was isolated from human lung, cerebellum, and retina and 
the human Rl'fc cell line ARPfc 1 9 (Dunn ct al.. 1 996). using the KNA-Clcan- 
LS system (Angewandte Gentechnologie Systeme). The Northern blot con- 
tained 12 ug of tola! RNA in each lane. Hybridization with a radiolabeled 
1.166-bpcDNA fragment was performed at 65 e C in 0.5 M NaP0 4 (pH 7.2). 
7%SDS. and I mM EDTA (pH 8.0) (Church and Gilbert, 1984). The 1,166- 
bp cDNA fragment was PCR amplified from first stranded retinal cDNA 
using a Superscript Kit (GIBCO BRL) and oligonucleotide primers IPM5T/ 
IPM 1399 designed according to the full-length IMPGl cDNA sequence 
(Kuehn and Hageman. 1995). 

Genomic and cD\A library 

A human genomic PAC library (RPCI1) gridded in 321 individual 384- 
wcll microliter plates was generously provided by Dr. Pieter de Jong(Roswcll 
Park Cancer Institute. Buffalo. NY), For library screenings, the 1.166-bp 
cDNA PCR product was double-digested with Hindi and £«>R[, resulting in 
a 5 15-bp fragment corresponding to the 5' region of (he gene. In addition, a 
580-bp PCR probe was amplified from the 3' end of IMPG I with the primers 
C6SP-a/C6SP-m. PAC clone DNAs were obtained by the conventional alka- 
line lysis procedure. To establish overlaps between the isolated PAC clones 
DOP end-fragment- vector PCR was performed as described in Wu et al. 
(1996). A retinal cDNA library was kindly provided by Or. J. Nathans, Johns 
Hopkins University. Baltimore. MD. 

PAC subcioning 

PAC clones dJ47ClO and dJ38F21 were digested with /fi«dlll. EcoKl 
and SattSM and subcloned into pBluescript II KS(+) phagemid vector (St ra- 
tagene). Exon-containing subclones were identified by colony filter hybridi- 
zation with a 2.9' 5-bp PCR fragment ( 1 F/C6SP-m) and partially sequenced 
using the didcoxy chain termination method (Sequcnas Version 2.0 DNA 
sequencing kit; US Biochemical) and internal oligonucleotides as given 
below. Exon/inlron boundaries were identified by alignment of the genomic 
sequences with the published IMPGl cDNA sequence (Kuehn and Hage- 
man. 1995) using Mac Vector sequence analysis software (release 4.0). 

Data analysis and oligonucleotide primers 

To search for expressed sequence tags (ESTs) in the available databases, 
the BLASTN program of the GCG Package was utilized (Genetics Computer 
Group. 1996). The followingoligonucieotide primers were used in this study: 
IPMS'F: V-TAG AC A ATC CCC A AG AAA TG-3' (cDNA nucleotide [nt| 
position: +107 to +127): IF: 5 -AGA TTT GAG GTT GTT CTG TG-3' (nt 
-55 to -36): IPM605: 5'-AGA GAA GTT TCC CTG ACA G-3' (nt +479 to 
+49? I: I PM7K9: 5-TGT AGG CAT CTT GGT GTC G-3' (nt + 645 to + 663); 
IPM947: 5 -TTA AGA AAC TTC CAG GAT TC-3' (nt +821 to +840); 
IPM 1 328: 5*-CAG CAA AAG ATG TGG GCA G-3' (nt + 1 . 1 83 to + 1.201 ); 
IPM 1399: 5'-CTC CGT CCA CTG TCT CAA GC-3' (nt + 1.254 to + 1.273); 
C6SP-a: 5 -ATT ACT GAC CGT AGA ATA TG-3' (nt +2,340 to -2,359); 
C6SI'-m: 5'-GA<; GTT TG T GTT TAT CAG AC- 3" (nt -2.901 to + 2.920): 
M 1 3f5: 5 -CGC CAG GGT TTT CCC AGT CAC GAC-3'; and M 1 3r6: 5'- 
AGC GGA TAA CAA TTT CAC ACA GGA-3'. 

Hybrid panel PCR 

PCR wa* performed with a commercially available panel of 25 human * 
hamster hybrid cell line DNAs (BIOS Corporation) and oligonucleotide 
primers C6SP-a/C6SP-m. Gicmsa banding was used to verify the presence of 
the correct human chromosomes. 



A B 




Fi0. 1. Northern blot analysis of IMPGl. (A) Ethidium bromide-stained 
agarose gel showing the approximate amount of total human RNA loaded 
onto each lane. (B) Northern blot hybridization of the 1.166-bp IMPGl 
cDNA fragment. An abundant 3.65-kb transcript is observed in retina. There 
are no signals in lung, cerebellum, or retinal pigment epithelium (RPE) total 
RNA. 



Fluorescence in situ hybridization (FISH) 

Metaphase chromosomes from peripheral blood lymphocytes were pre- 
pared using a standard 1:3 (\/v) acetic acid: methanol fixation protocol. Pro- 
cedures for removal of interfering remnants of cellular RNA and cytoplasm, 
as well as standard methods for biotinylation of PAC <U38F2l and FISH, 
were described elsewhere (KOhler and Vogt. 1994). To determine the cyto- 
genetic band position of the IMPGl gene, faint Q-bands observed after 
DAPI staining (Schweizcr. 1 976) of more than 25 met a phases were related to 
the position of hybridization signals on propidium-iodide countcrstained 
chromosomes. In addition, the distance from centromere to signals was mea- 
sured relative to the overall chromosome arm length. The ideogram estab- 
lished by Francke (1994) was used as a reference. 



Results 

Database analysis and expression profile of IMPGl 
Alignment of IMPGl cDNA sequences to the CertBank and 
dbEST databases revealed significant identity to ESTs yp48c06 
(H38839, H38594), yp48e04.rl (H38604), and 16hl0 
(W 26960). These cDNA clones have been isolated exclusively 
from human retinal cDNA libraries (Soares et al. 1994). To 
analyze the expression pattern of IMPGl in various adult 
human tissues, Northern blot analyses were performed with 
total human RNA isolated from retinal pigment epithelium, 
retina, lung, and cerebellum. Kilter hybridization with probe 
[PM5'F/IPM 1399 corresponding to nt 107 to 1,273 of the full- 
length cDNA revealed a 3.65-kb transcript in total retinal RNA 
(Fig, 1 ). No hybridization signals were detected in RNA from 
retinal pigment epithelium, lung, or cerebellum even after over- 
exposure of the autoradiogram. 
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Fig. 2. Genomic organization of the IMPG1 
gene. The top portion of the figure shows three 
PAC clones <dJ4?ClO. dJ38F2l, and <U69M!6) 
together containing the entire coding sequence of 
the gene. The horizontal bars below depict PAC- 
derived plasmid subclones used in the sequencing 
analysis. Boxes represent exons I to 17; 5'- and 3'- 
flanking regions arc shown as open boxes. Intron 
sizes are drawn to scale with the same size line for 
those that arc over 4 kb in length. 
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Tablo 1. Exon/intron boundaries of the 
human IMPGI gene 



Splice acceptor 



AATCTTTCTTTTACACA 

TGACT CTGTATT ACACT 

CTTT ATCTTTTTGC AG A 

TCTATTGTACTAATAGA 

TTTAAAATTTTCACACA 

CCTTTTTTAAACTCACG 

TTCTTTCTCTCTGCAGA 

CJCATGATGAAATGAAGA 

CCTCTGCTATCTACAGC 

GATTTTTTACCCATAGA 

AAAATTCATTCTTCAGG 

TG TACTTCCTCC ACAGA 

ATCTTTTATTTTGCAGC 

GCCCCATTTCTTACAGC 

TTGCTITCrTTTGTAGG 

ACTATTTCTCTTTCAGG 
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Coding 


Splice donor 


Score 


Intron 


Intron 




No. 


sequence (bp) 




(kb) 


phase* 




1 


67 


AAGGTAAGT 


0.2 


>4 


I 


3.9 


2 


234 


GAGCTAAGG 


1.7 


>4 


1 


7.8 


3 


167 


CAGGTGAGC 


1.8 


0.3 


0 


. 3.4 


4 


29 


CAGGCAAGT 


5.4 


>4 


n 


9.1 
8.9 


5 


65 


CAOGTAAGC 


0.9 


2.7 


I 


6 


104 


ACAGTAAGA 


4.7 


>4 


0 


3.5 


7 


141 


CAGGTGAGT 


0.1 


>4 


0 


1.4 


8 


59 


TAGGTAAGT 


1.3 


4 


11 


28.2 


9 


21 


TGGGTAATT 


5.5 


2 


II 


4.6 


10 


248 


ATGGTCAGT 


4 8 


1.3 


1 


6.1 


It 
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• Score of perfect consensus - 0; worst score for accepton " 42.5, for donors * 30.1. 

* Phase 0 - position of introns between oodons, phase I = interruption after first nucleotide- phase II 
lion after second nucleotide. 
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Genomic organization of the human IMPGI gene 
As a prerequisite for mutational analyses in human retino- 
pathies, we determined the complete exon/intron organization 
of the full-length IMPGI cDNA. Retinal cDNA probes corre- 
sponding to nt 164 to 679 and nt 2,340 to 2920 were used to 
screen a genomic human PAC library, RPCI1. Three indepen- 
dent PAC clones were isolated (dJ47C10, dJ38F2l, and 
dJ69M16). By STS content and restriction enzyme mapping, 
PAC clones dJ38F2l and dJ69MI6 were found to overlap 
(Fig. 2). By DOP-vector PCR, the T7- and SP6-endcIone frag- 
ments of PAC dJ38F2 1 were amplified and used for Southern 
blot hybridization to £o>RI-restricted clones dJ47C10, 
dJ38F2 1 . and dJ69M 1 6 (data not shown). The 900-bp T7-end- 
fragment of dJ38F21 specifically hybridized to a 7-kb Hindi 
and a l.6-kb £a?Rl fragment of clone dJ69M!6, whereas the 
800-bp SP6-endfragmem of dJ38F21 did not reveal any hy- 
bridization signals, indicating that dJ38F21 does not overlap 
with PAC clone dJ47C10 (Fig. 2). 

To identify restriction fragments containing exonic se- 
quences, the full-length IMPGI cDNA was colony filter hybrid- 
ized to A/mdlll-, EcoR and .Sa«3AI-restricted PAC plasmid 
sublibraries. Positive clones were purified and partially se- 



quenced using the M 1 3 forward and reverse primers, as well as 
cDNA-derived oligonucleotide primers. Alignment of the ge- 
nomic and the cDNA sequences revealed the exon/intron 
boundaries of the human IMPGI gene. A total of 17 coding 
exons were identified, ranging in length from 2 1 to 533 bp and 
spanning a genomic region of at least 50 kb (Fig. 2 and Table 1 ). 
Exon 1 contains the putative translation initiation start codon 
ATG, conforming to the Kozak consensus sequence (Kozak, 
1996), and an additional 151 bp of upstream sequence, corre- 
sponding to the most 5'-extcnding cDNA clone isolated (Kuehn 
and Hageman, 1995). The start codon is preceded by two in 
frame termination codons at nt -57 and -60, A 6-kb Hindlll 
fragment, IPM3'R. isolated from PAC clone dJ38F2 1 , contains 
exon 1 7 with the translation stop codon TAA and an additional 
745 bp of 3 '-untranslated region. 

With the exception of exon 4, all acceptor and donor splice 
sites strictly follow the GT/AG rule (Table 1 ). The donor splice 
junction of exon 4 contains a nonconforming *GC rather than 
the universal M GT" at this position. Despite this anomaly, the 
donor splice sequence of exon 4 has a discrimination energy 
score of 5.4, well within the range expected for true splice junc- 
tions (average acceptor score, 5.1; donor score, 3.16) (Table 1). 
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Fig. 3. Alternative splicing of exon 2 in the 
IMPGI gene. (A) PCR amplification of a human 
retina cDNA library using primer pairs IF/ 
IPM1328 and 1F/IPM789 resulted in two distinct 
bands. The smaller transcript is 234 bp shorter 
than the expected size, (B) Sequencing of the sub- 
cloned PCR product 1F/IPM789 revealed splicing 
of the entire exon 2. As in irons 1 and 2 both inter- 
rupt a codon after the first nucleotide, skipping of 
exon 2 does not lead to a framcshift. 
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(Berg and von Hippcl, 1988; Pcnotti, 1991). The high score of 
(he 3 '-splice acceptor sequence of exon 9 has led us to rese- 
quence the cDNA and the genomic clone at this position. The 
cDNA fragment was obtained by PCR amplification from a 
human XgtlO retinal cDNA library using primers IPM947/ 
IPM1399. This has verified the acceptor splice sequence as 
shown (Table 1). The approximate sizes of inirons 3, 5, 8, 9. 10, 
II, 13, and 17 were estimated by PCR amplification using 
intronic forward and reverse oligonucleotide primers (Table 1). 
No PCR amplification was observed for the remaining introns, 
suggesting the presence of introns larger than 4-5 kb. 

Alternative splicing of the IMPGI gene 

PCR amplification of the human retinal XgtlO library using 
primer pairs 1F/IPM1328 (corresponding to exon 1 to 1 1) and 
IF/IPM789 (corresponding to exon 1 to 6) resulted in two dif- 
ferent size products (Fig. 3A). Conversely, only a single frag- 
ment using primers IPM605/IPM 1 328 (corresponding to exons 
4 to 11) was obtained, suggesting an alternative splice within 
the first three exons. To test this possibility, the PCR products 
obtained with 1F/IPM789 were cloned into the pCRII vector, 
and 40 independent clones were analyzed. Fragments of both 
7 1 8 bp and 484 bp in size were identified and sequenced (data 
not shown). Whereas the 7 1 8-bp fragment was identical to the 
known cDNA, the sequencing and comparison of the 484-bp 
fragment to the known cDNA confirmed an alternative splice 
event removing the entire exon 2 from the mature RNA 
(Fig. 3B). Since intron 1 and intron 2 both interrupt the respec- 
tive codon after the first nucleotide at phase I (Table 1), skip- 
ping of exon 2 does not lead to a frameshift (Fig. 3B). Thus, the 
removal of exon 2 should result in a mature IMPGl isoform 
that is missing 78 amino acids. 
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Fiq. 4. PCR mapping of the IMPGl gene using a commercial panel of 
human * hamster hybrid cell lines. The expected 580-bp PCR fragment was 
detected in cell hybrids containing human chromosome 6, but not in those 
lacking this chromosome. 



Mapping oflMPG I to chromosome 6ql3->ql5 
To ascertain the chromosomal location of IMPGl, two 
independent methods were used. First, genomic DNA from a 
panel of somatic cell hybrids that retained different sets of 
human chromosomes was screened using PCR primers C6SP- 
a/C6SP-m, corresponding to sequences in the 3'-untranslated 
region of the IMPGl gene. The PCR product yielded an 
expected 580-bp fragment in total human genomic DNA and 
somatic cell hybrids containing human chromosome 6 (SM- 
756, SM-860, SM-904, and SM-909). In contrast, no PCR 
product was obtained using DNAs from hybrid cell lines lack- 
ing chromosome 6 (GHO-1049, SM-683, SM-750, SM-803, 
SM-854, SM-867, SM-937, SM-968, and SM-1079) (Fig. 4). 
The PCR amplification results are consistent with a location of 
the IMPGl gene on chromosome 6. 
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F19. 5. FISH localization oflMPG I to chromosome 6ql3-»ql5.(A) Par- 
tial human metaphase plate after FISH with PAC dJ38F2l. Hybridization 
signals on propidium iodide (Pl)-counterstained chromosomes are marked 
by arrows. (B) Examples of hybrid izai ion signals observed on selected PI- 
countcrstained human chromosomes 6. The corresponding DAP 1 -stained 
chromosomes are shown on the left, respectively. 



To confirm this assignment and to determine further the 
subchromosomal location of IMPGl, FISH mapping was per- 
formed using a biotin-labeled PAC dJ38F2I. Signals on both 
chromatids of chromosome 6q 1 3 — > q 1 5 were repeatedly pro- 
duced, whereas background signals were distributed randomly 
(Fig. 5). 
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Fig. 6. Diagrammatic representation of the co-localization of IMPGl and 
the loci for three maculopathies, STGD3, MCDRI, and PBCRA. on chromo- 
some 6q. FISH hybridization results of IMPG 1 are indicated tm the left: the 
genetic locations of the three disorders are shown on the right and have been 
published previously (STGD3: Stone ct al., 1994: MCDRI: Small ct al.. 
1992; PBCRA: Kdsell el al.. 1995). 
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Discussion 

We report the expression, genomic organization, and chro- 
mosome location of a novel interphotoreceptor matrix gene, 
IMPG I . The selective expression in retinal tissue and the chro- 
mosomal mappi ng of I MPG I to 6q 1 3-q 1 5 have identified this 
gene as an attrac t i ve candidate for several human macula 1 " H y^ 
trophies that have pre viously been localized to 6a 1 1 -» a 1 6.2 b 
'genetic linkage ana lysis, viz., autosomal dominant Stargardt- 
like macul ar dystrophy (STGD3) (Stone et al.. 1994). N orth 
Caroli na macular dystrophy (MCDRI) ( Small et al, 1992), and 
progressive hifgrnl_rhnriftrfitinnl fllro pjiy (PBCRA) ( Kelsell et 
al, !99?yTFig. 6). These three maculopathies are rare heredi- 
tary disorders characterized by their mode of inheritance and 
loss of central vision. In particular, PBCRA is invariantly char- 
acterized by sub retinal deposits nasal to the optic disc which 
appear soon afterbirth and atrophic macular lesions which lead 
to a progressive reduction in visual acuity and color vision. The 
expansion of both macular and nasal atrophic lesions toward 
the optic disc finally leaves only a narrow retinal bridge of rela- 
tively intact retina (Godley et al., 1996). In contrast, MCDRI 
lesions are highly variable and rarely progress (Small et al, 
1993). STGD3 presents with white-yellow macular flecks early 
in the disease course. Central atrophy develops later and is 
associated with a progressive loss of central vision in the second 
or third decade of life (Stone et al, 1 994). 

The characterization of the exon/intron boundaries of the 
IMPGl gene provides the basis for mutational analysis of 



genomic D NA of affected individuals frnm thp rjimmng^m^ 
6q-linked families.^ In addition, as STGDJ, MCDRI, and 
PBCRA share some clinical features with other human maculo- 
pathies, particularly with age- related macular degeneration, an 
important cause of visual impairment in elderly patients (Ferris 
,el al, 1984; Young, 1987), ^t is of importance J o test oth erjts^ 
yet unlinked, retm mmhies^i^a-rjossible^ involvement of 
[MPG1 in their pathogenes es^ The candidate gene approach is 
jnost relevant in retinopathies where genetic heterogeneity is a 
major problem in the identification of the genetic defect (re- 
viewed by Sullivan and Daiger, 1996). 

In conclusion, the chromosome mapping and genomic char- 
acterization of IMPGl, a novel proteoglycan of the interpho- 
toreceptor matrix, has identifi ed a. candidate gene for retinal 
dystro phies. As the coding sequence of the gene is interruptecl 
ITy only 16 intervening sequences, the number of exons appears 
reasonably small in order to enable the mutational analysis of 
many patients affected with various retinopathies. It is antici- 
pated that the further characterization of function and dysfunc- 
tion of IMPGl will shed new light on IPM proteoglycans and 
their functional involvement in the human eye. 
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